The 31 daytime rocket flight results within 0" or 2" dip latitude provide a good study of several issues leading to the following findings. In this zone, 60 per cent or more of ionospheric current systems have two layers. The lower layer has a peak density of 7 f 4 A k m -' at an altitude of 1 0 6 f 2 k m , a half thickness at half peak of 5.7 f 0.7 km and an altitude extent of 34 f 9 km. The upper layer has a peak density of about 1 A km-' at an altitude of 136 f 8 km and an altitude extent of 19 f 5 km. In some altitude structures, the single layer system is like a hybrid of the lower and the upper layers. The thickness of the equatorial electrojet decreases as its peak current density increases. From this and earlier findings, the electrojet contracts vertically and latitudinally as its peak current density increases. From the sample examined, there is not much difference between the intensities of the lower layers over India and Peru. However, the intensity of the upper layer over India is only about half of its intensity over Peru. The decrease of the electrojet current density in the afternoon is related more to the decrease in the east-west electrostatic field than to electron density or conductivity. A C electric field fluctuations caused by the cross-field instability have been observed in situ in the east-west direction only, in the frequency range of 5 to 120 Hz at altitudes of 85 to 105 km. It is shown that the geometrical and current density structures of the electrojet substantially influence the ratios of its internal to external magnetic field components, all of which initially increase in magnitude with dip distance. Within 0" to 2" dip latitude the ratios are 0.28 f 0.08 for the northward component X, -0.17 f 0.2 for the vertical component 2, and 0.23 f 0.02 for the total field F. A proposed simple measure of day-to-day variability shows promise.
INTRODUCTION
In the third paper of this series, we study the rocket measurements of ionospheric currents in daytime within 0" to 2" dip latitude. Here, the equatorial electrojet (EEJ) is dominant. The Right particulars of the 31 available rocket flight results (RFR) are given in Table 1 . The attachment of A and D to the Right number indicates ascent and descent legs of the Right respectively, and B indicates the combination of both by the launchers into one result. We have taken the distance from the dip equator as given by the rocket launchers wherever available. Where unavailable, we have determined them from available information.
The source references are as follows: RFR 03 from the * Current address: 18 Colin Close, Colindale, London NW9 6RT.
Pacific Ocean off the coast of Peru (Singer, Maple & Bowen 1951) ; RFR 09 to 11 from the Pacific Ocean off the Line Islands (Cahill 1959) ; RFR 18 to 23 from the Thumba Equatorial Rocket Launching Site in southern India (Maynard & Cahill 1965) ; RFR 38 to 41 from the Pacific off the coast of Peru (Maynard 1967) ; RFR 42, 44, 47, 50, 51, and 54 at the Pacific off Peru (Davis, Burrows & Stolarik 1967) ; RFR 45 from the Pacific off Peru (Shuman 1970) ; the rest are from Thumba in southern India as follows: RFR 55 and 56 (Sastry 1973) ; RFR 57 and 58 (Sastry 1970 (Sampath & Sastry 1979b) . A number of the investigators reported the existence of two current layers. In the first type of the double layer system, the current decreases to zero between the two layers as in Fig. 1 . In the second type of the double layer system, of two'layers as in Figs 1 and 2 but the investigators did not announce the existence of two layers. The study below will attempt to distinguish between these types.
The opportunity given by the relatively large number of results in this group will be taken to study certain features and problems listed as objectives of rocket investigations in Paper I. In any summary, the sensitive variation of ionospheric currents with local time must be taken into consideration. The currents are expected to reach their peak about 11 and 12 hr local time. Consequently, only values measured between 09 30 and 13 30 hr LT are included in the statistical summaries of tables. The excluded values are underlined. Nevertheless, even at the same location and at the same local time every day, the variability of ionospheric currents and the geomagnetic variations they cause is notorious. Consequently, the median values are always given because of the high standard variations expected.
PRESENTATION A N D DISCUSSION OF

RESULTS
Single layer current systems
The RFR 03 was reported by Singer et al. (1951) from the Pacific off the coast of Peru. The current had not been penetrated at the low apogee of 105 km and the day was disturbed. Its achievement was the first ever in sifu detection of ionospheric current. RFR 11 of Cahill (1959) from the Line Islands in the Pacific Ocean reached the altitude of 104 km without detecting the current, probably because the current had decayed by 15 33 LT when it was launched.
The RFR 18 and 19 are from the measurements of Maynard & Cahill (1965) at the Thumba Equatorial Rocket Launching Site in southern India. No attempt was made to estimate the diffuse current above 130 km altitude because of the scatter of the data. Consequently, although RFR 18 and 19 come within the acceptable local time their parameters that could be affected by the limited altitude are underlined and excluded from the summary in Table 2 (a). The peak current was clearly more intense, 5.14Akm-', and also thinner on the descent, RFR 19, than on the ascent RFR 18 with 3.75 A km-'.
The RFR 38 to 41 of Maynard (1967) were measured on the same day and from the same location at the dip equator in the Pacific Ocean off the coast of Peru. The RFR 38 and 39 measured the morning electrojet in the early stage of development and therefore most of their parameters are excluded from the summary in Table 2 (a). The RFR 40 and 41 were measured at about the time, 1126 hr, when the electrojet reaches its daily maximum intensity. Table 2 (a) shows that the lower edge and the altitude of the peak current were the same but the electrojet extended some 12km higher at about noon when its density of about 8.2 A km-' was about 5.7 times its density at 08 56 hr in the morning.
The RFR 57 and 58 of Sastry (1970) were launched on a very quiet day from the same place at Thumba, India, to study the diurnal changes in the equatorial electrojet. The RFR 57 measured the electrojet at 10 45 hr about the time of its daily maximum intensity while RFR 58 measured the decaying electrojet at 1352 hr LT. The peak density of 9.4A km-' measured in RFR 57 was two times the peak density in RFR 58. The altitude of peak current was the same in both flights; their lower edges were comparable but the upper edge of the more intense RFR 57 extended 15 km higher than that of RFR 58. The comparison is similar to the weaker morning electrojet in RFR 38 and 39 compared with the more intense noon electrojet of RFR 40 and 41. Thus we exclude the density, the upper edge and altitude extent of the off-noon electrojets but include their lower edges and the altitudes of peak current in the summary of Table 2(a) . The weaker decaying current of RFR 58 is also thicker by 2 km at half the peak density than the more intense current near noon in RFR 57. This confirms the observation in RFR 18 and 19, that the more intense electrojet was thinner.
The RFR 70 to 73 of Burrows & Sastry (1976) were obtained at Thumba, in India. The main interest of the investigators was the comparison of the intense electrojet in RFR 73 with the weaker electrojet in RFR 70. Although the RFR 70 was fairly disturbed, the altitude structures of the two were virtually the same: lower edge, altitude of the peak, upper edge and altitude extent. Below the altitude of the peak density, RFR 70 was thicker but above this altitude it was thinner than RFR 73. The summary of Table 2 (a) shows that the single layer current systems around local noon have peak current density of 9 f 3 A kmP2 occurring at an altitude of 107 f 2 km. The lower edge is at an altitude of 89 f 4 km, the upper edge at 1 3 6 f 4 k m . and the altitude extent is 4 7 f 5 km. The medians are consistent with these means.
Reported two layer current systems
The RFR 09 and 10 were measured by Cahill (1959) from rocket flights reaching apogees of below 130 km near the Line Islands of the Pacific. The currents were not completely penetrated and the local times were outside the acceptable period for inclusion in the summary of Table 2(b). The peak densities of the upper layers were questionably high. The RFR 20 to 23 were obtained by Maynard & Cahill (1965) from Thumba, India. Although the RFR 22 and 23 were observed outside the acceptable LT for the summary, only the peak densities of their first layer were inconsistent with others in Table 2 (b). That notwithstanding, their peak densities are so low as to demand further explanation. Additional causes could be as follows. First, the period was moderately disturbed, and Onwumechili, Kawasaki & Akasofu (1973) had shown that on such days, the equatorial electrojet is partially suppressed. Secondly, the flight was at the time of the maximum negative effect of the lunar currents opposing the !jq current. These low densities are consistent with the H range at the Trivandrum observatory nearby at the time of the flight which was only about 40 per cent of the maximum range around noon. Shuman (1970) launched the flight for RFR 45 in the Pacific off the coast of Peru at practically the same location at the dip equator and about 11 hr local time as for RFR 42 and 44 but a few days after them at a quiet period. Both the first and the second layers were rather intense (Table 2b) . Sastry (1973) obtained RFR 55 and 56 from Thumba, India at 13 22 hr, just within the acceptable period for inclusion in the summary. The current layers were already on the decline and the density of the second layer was not easy to measure accurately.
The summary of Table 2(b) gives the peak density of the first layer as 6 f 4 A k 1 1 -~ occurring at an altitude of 106 f 2 km. The altitude of the lower edge of the first layer is 91 f 3 krn, the upper edge 123 f 10 krn and the altitude extent 3 2 f 1 1 km. The second layer has peak density of 1.1 f 1.1 A krn-' with a median of 0.6 A km-', altitude of the peak at 137 f 9 km, lower edge of 130 f 11 krn, upper edge of 1 4 9 f 9 k m and altitude extent of 1 8 f 6 k r n . The altitude extent of the system is 58 f 11 km. 
Current system with indications of two layers
In March They noted these indications but interpreted them as the effects of rocket precession. However, the indications remained even after their corrections for the rocket precession. As precaution we start by studying them separately in Table 2 (c) for comparison with the parameters of the declared two layer current systems. They were unable to correct RFR 54 and we have excluded it because wild density fluctuations from 120 to 160km altitude make it difficult to see an unambiguous peak of the second layer.
The summary of Table 2 (c) shows that the first layer has a peak current density of 9 f 3 A km-2, at the peak altitude of 106 f 1 km, a lower edge of 88 f 1 km, an upper edge of 125 f 6 km, and an altitude extent of 37 f 6 km. The second layer has a peak density 1.1 f 0.4 A km-', at a peak altitude of 134 f 7 km, a lower edge of 125 f 6 km, an upper edge of 144f6km, and an altitude extent of 1 Y f 2 k m . The altitude extent of the system is 56 f 6 krn.
Comparison of the parameters of the second layer in Tables 2(b) and (c) shows that they are almost identical. It is extremely unlikely that rocket precession could contrive to produce the indications of second layer with about the same altitude of peak current, lower edge, upper edge, and altitude extent even though different rockets with different magnetometers are processed by different investigators at different times, in different locations in India and off the coast of Peru. In any case, rocket precession was not suspected in all cases, and they were corrected for where they were suspected. It seems inescapable to conclude that the indications measured in Tables 2(b) and (c) arise from the same source, the second layer. We have therefore combined Tables 2(b) and (c) to give the second summary under Table 2(c), representing all the current systems in Group 1, with two layers. The result is that the first layer has peak current density of 7 f 4 A k m -2 at the peak altitude of 1 0 6 f 2 k m , the lower edge of 9 0 f 3 k m , the upper edge of 1 2 4 f 8 k m , and the altitude extent of 3 4 f 9 k m . The second layer has a peak density of 1.1 f 0.8 A kmP2, at the peak altitude of 136 f 8 km, lower edge of 128 f 10 km, upper edge of 147 f 8 km, and altitude extent of 19 f 5 km. The system altitude extent is 57 f Y km. The medians are consistent with the means.
The current systems over the dip equator
In Paper 11, we found that all the current systems detected in Group 4, within 7" to 35" dip latitude flowed in two eastward layers. Here in Group 1, within 0" to 2" dip latitude it has been found that some current systems flow in two eastward layers and some in only one eastward layer. To estimate the probability of finding a two layer current system in Group 1, we disregard RFR 03, 11, 70, 71, 72 and 73 because their apogees are too low to ensure the detection of a second layer peaking at the average altitude. We also disregard RFR 54 which showed indication of a second layer but was excluded because density fluctuations made the determination of its peak unreliable. We are left with 24 RFR in Group 1. Of these 24, 14 or 58 per cent are two layer current systems. The percentage of two layer current systems is expected to be higher than 60 per cent because of the apparent reluctance of investigators primarily interested in the electrojet to report the second layer. For instance, following the report of Sastry (1970) we counted RFR 57 as a single layer system. However, Subbaraya et al. (1972) later presented the same RFR 57 with a second layer having a peak current density of about 1 A km-2 at an altitude of about 133 km in Fig. 4 .
Comparing the combined summary of Tables 2(b) and (c) under 2(c) with the summary of Table 2 (a), we find no appreciable difference in their values of the altitude of the lower edge and the altitude of the peak density of the first layer. However, the upper edge of the single layer system is about 12km above the upper edge of the first layer but 11 km below the upper edge of the second layer in the two layer system. These differences are about three times the standard deviation in the single layer system. Similarly, the altitude extent of the single layer system is about 13 km thicker than the altitude extent of the first layer but 10 km thinner than the system altitude extent in the two layer system. The differences are twice the standard deviation in the single layer system or larger. The single layer system is therefore somewhat like a hybrid of the first and the second layers of the two layer system. In the first type of the two layer system, the density of the first layer decreases to zero before the commencement of the second layer as in Fig. 1 . In the second type of the two layer system, the two layers overlap to some degree between them as in Fig. 2 . The overlapping second type is more common. Unlike the first layer, the altitude of the peak current of the second layer varies widely from about 125 km to about 152 km altitude. Therefore, the second layer occurs at varying altitudes, providing varying degrees of overlap or coupling. The overlap modifies the interface side of each layer. It is possible that when the second layer is low and weak, the overlap is strong and it loses its identity. The system may then be observed as a single layer system. Then the only observed effects of the absorbed second layer are the extensions of the upper edge and altitude extent beyond their typical values for the first layer.
The second layer is undoubtedly weaker than the first layer. Typically, the peak current density of the second layer is about 1 A km or about 13 per cent of the peak density of the first layer. Typically, this peak density occurs about 30 km above the peak of the first layer. The altitude extent of the second layer is about 19 km and is only 55 per cent of the altitude extent of the first layer and about 33 per cent of the altitude extent of the whole double layer system.
The relationship between current intensity and thickness of the eledrojet
Onwumechili & Agu (1981a) substantiated the announcement by Onwumechili & Ogbuehi (1967) that the electrojet appeared to be narrower when it was more intense. More recently, Onwumechili, Agu & Ozoemena (1989) showed that not only the width, but the entire electrojet current and its magnetic field contours contracted as the current intensity increased. It is important to investigate whether the thickness also contracts in the same way as the width when the intensity increases.
For this purpose, we use only data obtained with improved technology from 1965 onwards. Nine of the 18 are from India: RFR 55, 56, 57, 58, 70, 71, 72, 75 and 76; and nine are from Peru: RFR 40, 41, 42, 44, 45, 47, 50, 51 and 54. All the 18 FWR were obtained during reasonably quiet periods. From their profiles we measured the thickness at the point where the density is half its peak value. Half of this thickness at half of the peak density we call the 'half thickness' p km, for convenience.
Because of the geometry of the dynamo region, the density of the electrojet increases rapidly from the lower edge of the layer to the altitude of its peak density, and then decreases less rapidly upwards. Consequently, it is desirable to consider the lower half thickness and the upper half thickness separately. We therefore define: (a) the distance below the axis of the electrojet, from the altitude where the density is half its peak value to the altitude of the peak density, is the lower half thickness, p1 km; (b) the distance above the axis of the electrojet, from the altitude of peak density to the altitude where the density is half of its peak value, is the upper half thickness, p 2 km; and (c) half of the distance from the altitude, below the axis, where the density is half its peak value to the altitude, above the axis, where the density is half of its peak value is the even half thickness, p 3 km. We have correlated C , with each of p l , p 2 and p 3 for India, Peru and for the combination of India and Peru. Three of the nine correlation coefficients are significant at the 5 per cent level, all of them are of reasonably large magnitude, and all are negative, showing that the thickness becomes smaller as the density increases. Correlating the gradient dC,/dp with p gives a positive correlation coefficient of 0.641, significant at the 5 per cent level. The regression line in the plot in Fig. 3 is dC,/dp = -10.2206 + 1.5264~. This means that the increase in density needed to decrease the thickness by a unit amount is greater for a small thickness than for a large thickness. The unambiguity of the result is remarkable considering the small differences between the p's and also the small range of the p values.
The above result is in complete agreement with our earlier results that the width (Onwumechili & Agu 1981a) and other landmark distances (Onwumechili ef al. & 1989) of the equatorial electrojet decrease as its intensity increases. This explains the observation of Sastry (1970) that the electrojet was thinner at noon on 1968 August 29 than in the afternoon when its density had decreased to about half its value at noon. It also explains the remark of Maynard & Cahill (1965) that the mcre intense electrojet on the descent of their flight UNH 64-1 was thinner than the weaker electrojet on the ascent.
The significant points of this result are: (1) the data are not derived from modelling as in the earlier cases, but are directly measured from in situ observations; and (2) this is the first such relationship of the intensity with a vertical landmark distance of the equatorial electrojet, all the earlier cases being latitudinal landmark distances. 
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Fignre 3. Scatter diagram and regression line dC,/dp = -10.2206 + 1.526+, showing the relationship between the changes in peak current density C,A km-* and the half thickness p (km) of the equatorial electrojet.
Comparison of ionospheric currents over India and Peru
Much has been written on the comparison of the electrojet in India and Peru based on the ionospheric conductivity and magnetic field observed some distance from the electrojet. However, a one-to-one correspondence does not necessarily exist between the electrojet current and these parameters as will be seen in the next section. Indeed, there are always uncertainties in computing the current from various parameters, and vice versa. The problem seems to arise from several other parameters and their variability, such as the electron density, winds, conductivities, electric field, induced currents, structure of ionospheric currents and so on. Indeed, the comparison of the equatorial electrojet over India and Peru obtained from the magnetic field below the electrojet with that obtained by POGO satellites above the electrojet revealed a major discrepancy (Cain & Sweeney 1973) . It is therefore of great interest to compare the actual currents measured in situ by rockets. For the purpose of the comparison, the set of 18 RFR used in Section 2.5 is largely acceptable. However, to further minimize the vagaries of the equatorial electrojet, we exclude RFR 58 because it was observed at 13 52 hr LT outside the acceptable period, and also RFR 50 because it was observed at 240 km from the dip equator outside the zone of 0" to 2" dip latitude. We use the remaining eight results from India and eight results from Peru. Their average values of the peak current density C , and half thicknesses p l , p 2 and p 3 are given in Table 3 . The average values of various other ionospheric current parameters are also given in Table 3 . Table 3 . Comparison of ionospheric current parameters in India and Peru.
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1 h Y * r Only A l t i t u d e E x t e n t The peak current density C,, is a function of the distance from the dip equator to the location where it is measured, and it is lower than the peak current density j o at the dip equator. With suitable assumptions C , may be normalized to j , at the dip equator. Normalization with A H is not recommended because some other currents contribute to the AH observed on the ground. Although we have limited the compared results to within 2" dip latitude, the locations of the flights may still affect the comparison of current densities to some extent. While we find the current density over Peru, 9.7 f 2.6 A km-2, greater than that over India, 8.8 f 3.4 A km-2, as expected, the difference is rather small and well within the standard deviations. Judging from the flight locations, the normalization of C , into j,, will bring the current density over India even closer to that over Peru. This result is therefore consistent with the POGO satellites data which give the equatorial electrojet intensity only slightly higher over Peru than over India (Cain & Sweeney 1973; Onwumechili & Agu 1981b) . However, our rocket measurements are not simultaneous.
As may be expected from the inverse relationship between the density and the thickness of the electrojet discussed in Section 2.5, all the thickness parameters p , . p2 and p 3 are smaller in Peru than in India. But the differences are rather small and within the standard deviations. A study of Table 3 shows that all the altitude structure parameters relating to the first layer; altitude of the peak, lower edge, upper edge and altitude extent, are almost the same or marginally different over India and Peru. The same is true of the upper edge and the altitude extent of the single layer systems.
However, nearly all the parameters relating to the second or upper layer show more substantial differences between India and Peru. Apart from the almost equal altitude extent, all the other altitude structure parameters of the second layer are smaller in Peru than in India. The differences are: altitude of peak current density 8km, lower edge 9km, upper edge 10km and system altitude extent 8km.
However, because of the large standard deviations some of the differences are not statistically significant. Of great interest is the indication that the second layer is about 2.4 times more intense over Peru than over India. Since this upper layer is worldwide and the electrojet is rather narrow, such an intensity factor could explain the substantial difference in the daily range of the geomagnetic horizontal field, A H , measured on the ground in Peru and India. That would then reconcile our first layer density comparison here and the POGO satellites data with the geomagnetic variation recordings in India and Peru.
Rocket observed relationship between current density, electron density, conductivity and electric fields
The Langmuir probe was on board in the rocket flights of Maynard & Cahill (1965) for RFR 18 to 23. They observed small localized fluctuations in electron density near the centre of the electrojet. The rocket flights of Maynard (1967) also carried the Langmuir probe to measure electron density and to correlate it with the current density of RFR 38 to 41. There was no significant correlation in any of them between the electron and current densities. Also, although the current density of RFR 40 and 41 was more than 5 times that of RFR 38 and 39, the corresponding electron density was less than 2 times. Davis et al. (1967) discussed considerably the ionospheric conductivity tensor and its possible influences on their RFR 42, 44, 47, 50, 51 and 54. This was based largely on the effective conductivity model they presented on the assumption that meridional current does not flow. On the contrary, it is now known that meridional current does flow as predicted by later theories (Musmann & Seiler 1978) . In his report, Sastry (1973) thought that the effect of solar ionizing radiation associated with the proton flare of 1966 July 7 on ionospheric conductivity and wind velocity might have abnormally created the second layers he saw in the RFR 55 and 56. It is clear from the summaries under Tables 2(b) and (c) that the second layers he reported in RFR 55 and 56 were not abnormal in their altitude structure. Their parameters were indeed closest to the averages. The rocket of Sastry (1970) for RFR 57 and 58 also measured electron density with Langmuir probe. It was however from Maeda & Matsumoto (1962) that he took the values of Pedersen conductivity u, and Hall conductivity a, to produce the profile of Cowling conductivity u3 versus altitude. He found that the rocket-observed altitude variation of current density was similar to that of Cowling conductivity u3. Both increased rapidly to a maximum at about 106km altitude and decreased slowly at higher altitudes. We have determined the half thickness at half maximum value of his conductivity profile. The lower half thickness p , = 9.2 km, the upper half thickness pz = 12.8 krn and the even half thickness p 3 = 11 km. The Cowling conductivity layer is therefore evidently much broader than the electrojet current layer whose half thicknesses are available in Section 2.6. Indeed, the conductivity layer thickness almost doubles the current layer thickness. More subtle differences between the conductivity and current profiles are discussed below. Subbaraya et al. (1972) produced an interesting paper based on the comparison of simultaneous rocket measurements of electron and current densities in flights 20.05 and 20.07, and the comparison of current density of flight 20.06 at 1045 hr on 1968 August 29 with the electron density at about the same local time, 10 17 hr, from flight 10.37 of 1971 28 January. They calculated Pedersen conductivity u, , Hall conductivity u2, Cowling conductivity uj, and U J U , whose altitude variation they regarded as depicting the altitude variation of the vertical Hall polarization field. Their altitude profiles of electron density N,, current density j , effective conductivity u3, and conductivity ratio u2/u, all increased with altitude (Fig. 4) . The conductivity ratio u2/ul was the first to attain its peak below 100 km altitude. The effective conductivity always reached its peak about 5 km higher than the altitude of u21al owing to the continued increase of u2 as electron density increased with altitude. From its peak just above 100km altitude, u3 decreased because of the decrease of uz. The current density always reached its peak about 5 km above the altitude of u3 peak owing to the continued increase of the electrostatic field with altitude.
The altitude variation of the east-west electrostatic field E is given in Fig. 5 . With this and the relation j = u,E, they substantiated the above statements. At the altitude of LT was about 1.15 mV m-'. Comparing Fig. 4 with similar figures for flights 20.05 and 20.07 at about 13 30 to 14 00 hr when the electrojet current had decreased to about half of its peak value around local noon, and supported by Fig, 5 , it was inferred that the electrojet current decayed from its peak value around local noon to about half that value at about 1330 to 1400 hr LT principally because of the decrease of the east-west electrostatic field, and not because of electron density or conductivity. Thus the paper elucidated the interrelated variations of conductivity, electrostatic field and electrojet current. The electron density peak in the E-region is several km above the peak of electrojet current and continues to increase with altitude after a shallow trough. The current density is the product of electronic charge e, the electron density N,, and the electron streaming velocity V ; j = eN,V. Since e is constant and N, continues to increase after the peak of j , it follows that V decreases much faster than j after that peak. Since the ionization irregularities within the electrojet caused by the two stream ion wave instability requires a threshold of electron streaming velocity V, it follows that the optimum region for these irregularities is likely to be below the current density peak. Sampath & Sastry (1979b) investigated AC electric fields, current density and electron density with AC electric probes, magnetometers and Langmuir probes carried in near simultaneous noon-time rocket flights 05. 17 and 20.16, 05.19 and 20.17 , and a lone early morning flight P.158 at 0536 hr LT. The conclusions included the following. The two rocket-borne electric field experiments near local noon from Thumba detected AC fluctuations in the horizontal component of electric field associated with plasma instabilities within the electrojet. These electric field fluctuations were seen between 85 and 105 km altitude during both the ascent and descent in two independent rocket experiments.
These observed electric field fluctuations are due to the cross-field instability generated in the altitude region of 85 to 105 km where the electron density gradient and the vertical Hall polarization field are upward and parallel and the magnetic field is horizontal. The observed fluctuations whose frequencies lie in the range of 5 to 120 Hz were seen in the east-west direction only. No significant electric field fluctuations were seen in the magnetic north-south direction along the field line. No AC electric field attributable to type 1 irregularities was detected. These are expected to have much smaller amplitude, and consequently, the low gain of the electric field detector system may account for the failure to detect them. In the early morning experiment, AC electric field fluctuations associated with cross-field instability were seen in the frequency range of 10 to 100Hz between 115 and 130 km altitude, especially in the regions of downward electron density gradient.
The results of Subbaraya et al. (1972) and Sampath & Sastry (1979b) are interesting and helpful. In particular, from Subbaraya et al. (1972) we can see that the earlier attempts to correlate electron density and conductivity with current density produced precarious results because the electrostatic field was not taken into account. Of even greater importance is the light which in situ measurements by rocket-borne instruments are shedding on the instabilities generating electrojet irregularities. These have been reviewed by Fejer & Kelley (1980).
The field of currents induced in the earth by the equatorial electrojet
It is widely known that a highly localized source like the electrojet is not normally amenable to some commonly used analysis techniques like spherical harmonic methods. Consequently, some rocket launchers have striven to produce from rocket measurements the estimate of the magnetic field on the earth's surface arising from currents induced in the earth by the electrojet as a fraction of the field produced on the ground by the external electrojet. Sastry (1973) inducing field to be constant in space. It should be noted that this is not correct. The behaviour of the ratio depends on the structure of the inducing source current. It may be constant on the ground for an infinite current sheet of constant intensity, but the ratio is not constant for the equatorial electrojet with narrow width and thickness, and current density that increases towards the centre. The geometry of the electrojet is a major factor that determines the ratio of the internal to the external field. Indeed, in the current ribbon of constant intensity model the ratio of the internal to the external horizontal magnetic field is simply the ratio of the angle subtended by the image electrojet to the angle subtended by the external electrojet at the point of interest. Neither the magnetic field and current measured by rocket nor the magnetic field measured on the ground is needed in calculating it because the intensity factor cancels out in the process. Given the electrojet half width w = 300 km, its height h = 106 km and D =230 km we present in Table 4 (a) the ratio of the internal to the external field based on the current ribbon of constant intensity model. We have included the dip distances of the Indian observatories given by Sampath & determine the ratio of the internal to the external field, HJH, or X J X , . After normalization, both the rocketobserved field and the field observed on the ground decreased with dip distance. From the comparison of their differences, they determined HJH, from 150 km south to 250 km north of the dip equator. The ratio varied from 0.23 to 0.33 with a mean of 0.28.
We now attempt to interpret their result with models. Sampath & Sastry (1979a) reported that Rokityanskiy (1969) determined that the depth to a layer of uniform conductivity equivalent to 0.2 52 m-l was about 200 km; and Onwumechili & Ogbuehi (1967) determined from geomagnetic observational data that D = 200 km. Accordingly we adopt D =200km. Using the current ribbon of constant intensity model with w = 300 km and h = 106 km, we obtain the ratio of the internal to the external field in Table 4 (b). Evidently, the values of X J X , are much higher than the results of Davis et al. (1967) . For the continuous distribution of current density model (Onwumechili 1965 (Onwumechili , 1966 (Onwumechili , 1967 we adopt the parameters a = 380 km, a = -1.515 determined from the POGO satellites data of the September equinox 1969 which make w = 309 km; and the parameters b = 8 krn, fi = 0.234 and h = 106 km determined from rocket measurements. From these we computed the ratios of the internal to the external fields given in Table 4 (c). We find that for the dip distances from 0 to 250 km the ratio X J X , = 0.28 f 0.08 is in excellent agreement with Davis et al. (1967) . The range of the variation is also similar to theirs.
We summarize the findings of Section 2.8 as follows. The ratio of the internal to the external magnetic field of the equatorial electrojet depends on its geometrical and current density structures. In the more realistic continuous distribution of current density model, the electrojet has finite width and thickness and its current density increases to a peak at its centre. In this model, from 0 to 250 km dip distance, the ratio of the internal to the external northward field X , / X , increases from about 0.21 to about 0.41 with a mean of 0.28 f 0.08; the ratio of the internal to the external vertical field ZJZ, decreases from about -0.14 to about -0.21 with a mean of -0.17 f 0.02; and the ratio of internal to the external total field E/F, increases from about 0.21 to about 0.26 with a mean of 0.23 f 0.02. In the less realistic current ribbon of constant intensity model, the electrojet has finite width but zero thickness and its intensity is constant across the width. In this model, the magnitudes of all the ratios of the internal to the external field X , / X , , Z J Z , and &/F, are too high. It is likely that the best determination so far of the ratio of the internal to the external horizontal field X i / X , or Hi/H, is that by Davis et al. (1967) in the range of 0.23 to 0.33 with a mean of 0.28 within 0" to 2" dip latitude. The day-to-day variability of the equatorial electrojet
As far as we know practically all the studies of the day-to-day variability of the electrojet have been carried out with the magnetic diurnal variation AH and A Z observed on the ground. While some attempted to isolate that part of the diurnal variation attributable to the electrojet, others used the bulk AH observed on the ground but clearly it is not all attributable to the electrojet. They were all from Peru in magnetically quiet periods within 2" of the dip equator, with their north latitudes ranging from -10.17" to -14.17" and their east longitudes from -77.95" to -81.33'.
We display the day-to-day variation of the equatorial electrojet with them in Fig. 6 . This figure shows (A) the peak current density C, (A km-') of the electrojet, (B) the altitude h (km) of the peak current density, (C) the total altitude extent of the first current layer, (D) the lower edge of the current system (km), and (E) the upper edge of the current system (km). Note that the base level of all the ordinates are above zero and the scales differ. The first half of the bar for March 12 is for the ascent result and the second half is for the descent result.
The peak current density on the available days increased Figure 6. Plots of some ionospheric current parameters measured by rockets within 0" to 2" dip latitude off the coast of Peru during 1965 March, showing their variability on sequential days: (A) the peak current density of the electrojet Co (A km-*); (B) the altitude of the peak current density; (C) the altitude extent of the lower current layer; (D) the lower edge of the current system; and (E) the upper edge of the current system.
1965 March 26 and 27, were made at distances of 240 and 130 km respectively. Consequently, their current densities which are as low as 5 A km-' could be mainly due to their locations and not to variability. On the whole, the density variability in this period was not dramatic. Within the range of 105 to 109 km, the variability in the altitude of the peak density was rather small. The largest variability was in the total altitude extent of the first layer. This remains the case even if 12th and 29th March with only one layer are disregarded. There was considerable Variability in the lower and upper edges of the current system.
We propose a measure of day-to-day variability by the average magnitude of the successive differences of the variate, say x , defined as the sequential variability, given by
